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IMAGE GENERATION APPARATUS, IMAGL
GENERATION METHOD, AND
CALIBRATION METHOD

TECHNICAL FIELD

The present invention 1s related with an 1mage generation
apparatus, an 1mage generation method, and a calibration

method that are configured to generate stereoscopic videos.

BACKGROUND ART

Three-dimensional display devices such as three-dimen-
sional television receivers and head-mounted displays that
are configured to present videos 1n a stereoscopic manner are
in use. Devices capable of stereoscopically presenting vid-
¢os on portable terminals such as mobile phones and potable
game machines have also been developed, thereby increas-
ing the chances for general users to view stereoscopic
videos.

A three-dimensional display device for displaying a ste-
reoscopic video realizes stereoscopy of an 1image by a user
by having the user view 1mages having a parallax to the left
and right eyes. There are available a method of using special
optical glasses for presenting images having a parallax to the
left and right eyes and a method of using a parallax barrier
or a lenticular lens 1nstead of optical glasses.

SUMMARY
Technical Problem

With the stereoscopy based on the three-dimensional
display devices described above, 1t 1s assumed that infor-
mation about a viewpoint position of a user can be correctly
obtained and the viewpoint position 1s fixed without move-
ment. However, 1t 1s not realistic to ask the user not to move
his or her head at all. When a user i1s stercoscopically
viewing a parallax image generated on the assumption that
the viewpoint position does not move and, 1f the user moves
or tilts his or her head only slightly, then the viewpoint
position 1s displaced, thereby swinging a stereoscopic video
being viewed, resulting in the difficulty i viewing or
dizziness.

Therefore, the present invention addresses the above-
identified and other problems associated with related-art
methods and apparatuses and solves the addressed problems
by providing an image generation apparatus, an i1mage
generation method, and a calibration method that are capable
ol generating stereoscopic videos stabilized even 1f view-
points are displaced.

Solution to Problem

In order to solve the above problem, an 1mage generation
apparatus according to an aspect of the present invention
includes: a marker detection block configured to scan a
taken 1mage of a plurality of markers of a fixture worn on a
head of a user so as to detect a two-dimensional coordinate
on the taken 1mage of the plurality of markers; a viewpoint
position correction block configured to correct a viewpoint
position of the user without use of a coordinate of a Z
direction of the markers but by use of the detected two-
dimensional coordinate of the plurality of markers; and a
stereoscopic 1mage generation block configured to generate
a parallax 1mage obtained when a three-dimensional object
1s viewed from the corrected viewpoint position.
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2

Another aspect of the present invention 1s a calibration
method. The calibration method includes: a marker detect-
ing step of scanning a taken 1mage of a plurality of markers
of a fixture worn on a head of a user so as to detect a
two-dimensional coordinate on the taken image of the
plurality of markers; a viewpoint position correcting step of
correcting a viewpoint position of the user without use of a
coordinate of a Z direction of the markers but by use of the
detected two-dimensional coordinate of the plurality of
markers; a stereoscopic 1mage generating step of generating
a parallax image obtained when a three-dimensional object
for calibration 1s viewed from the corrected viewpoint
position; and a calibrating step of prompting the user to
adjust the positions of the markers by moving the fixture
worn on the head of the user forward and backward so as to
make the stereoscopically viewed three-dimensional object
for calibration be at a standstill even 11 the head 1s moved.

A Turther aspect of the present mmvention 1s an image
generation method. The 1mage generation method includes:
a marker detecting step of scanning a taken image of a
plurality of markers of a fixture worn on a head of a user so
as to detect a two-dimensional coordinate on the taken
image of the plurality of markers; a viewpoint position
correcting step of correcting a viewpoint position of the user
without use of a coordinate of a Z direction of the markers
but by use of the detected two-dimensional coordinate of the
plurality of markers; and a stereoscopic 1image generating
step of generating a parallax 1image obtained when a three-
dimensional object 1s viewed from the corrected viewpoint
position.

It 1s to be noted that anything converted an arbitrary
combination of the above composition elements and expres-
sions of the present invention between the method, appara-
tus, system, computer program, data structure and recording
medium 1s also eflective as an aspect of the present inven-
tion.

ect of Invention

L1

Advantageous

According to the present invention, the stabilized stereo-
scopic videos can be displayed even 1f the viewpoints are
displaced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating a three-dimensional dis-
play apparatus.

FIGS. 2(a) and 2(b) are diagrams 1llustrating a headband-
with-markers that are worn by a user.

FIG. 3 1s a diagram 1llustrating a manner 1n which the user
wearing the headband-with-markers 1s viewing a display.

FIG. 4 1s a diagram illustrating a manner in which a
camera detects an emission distribution of one of the mark-
ers.

FIG. 5(a) 1s a diagram 1illustrating a positional relation
between the three markers of the headband and the camera,
and FIG. 5(b) 1s a diagram illustrating an image of the
left-side head marker and an 1image of the right-side head
marker that are taken by the camera.

FIG. 6 15 a diagram 1llustrating a functional configuration
ol a stereoscopic 1mage generation apparatus related with
the present embodiment.

FIG. 7 1s a diagram 1illustrating a detailed functional
configuration of a viewpoint position correction block

depicted 1n FIG. 6.
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FIG. 8 1s a diagram 1illustrating a head-top marker, the
left-side head marker, and the right-side head marker on an

image taken by the camera.

FIGS. 9(a) and 9(b) are diagrams 1llustrating methods of
detecting the head-top marker, the left-side head marker, and
the right-side head marker by scanning a taken image
through a marker detection block.

FIG. 10 1s a diagram illustrating view frustums for the left
and right eyes when a three-dimensional object 1s stereo-
scopically displayed on a screen.

FIG. 11 1s a diagram 1llustrating the translation correction
amounts of viewpoint positions when viewpoints are trans-
lated.

FIGS. 12(a) and 12(d) are diagrams illustrating the posi-
tional change of the head-top marker due to the head tilt
angles.

FIGS. 13(a) and 13()) are diagram 1llustrating the dis-
placement of the centers of the view frustums when the user
tilts his or her head.

FIG. 14 1s a diagram 1llustrating a relation between the
wearing position of the headband-with-markers and the
projection origin of the view frustum.

FIGS. 15(a) and 13(b) are diagrams illustrating advan-
tages that can be obtained by not executing the corrections
in the Z-direction of the viewpoint position.

FIG. 16A 1s a diagram 1llustrating a positional relation
between the view frustums, the three-dimensional object,
and the screen that are viewed down from just above the
head of the user.

FIG. 16B 1s a diagram illustrating the new view frustums
obtained when the user rotates his or her head.

FIG. 16C 1s a diagram 1llustrating the approximate view
frustums obtained when the user rotates his or her head.

FIG. 17A 1s a diagram 1llustrating the line-of-sight angles
obtained when the head 1s directed to the front.

FIG. 17B 1s a diagram 1illustrating the line-of-sight angles
obtained when the head 1s rotated by a rotational angle .

FIG. 17C 1s a diagram 1illustrating the line-of-sight angles
obtained when the rotation of the head 1s approximated by
translation.

DESCRIPTION OF EMBODIMENT

Now, referring to FIG. 1, there 1s depicted a diagram
illustrating a three-dimensional display apparatus. The
three-dimensional display apparatus has a game machine
200, a display 300, and a camera 310.

The display 300 1s connected to the game machine 200
through an interface that connects peripheral devices 1n a
wireless manner or through a universal serial bus (USB)
port. The game machine 200 may further be connected to a
server via a network. The display 300 may be connected to
a computer or a portable terminal rather than the game
machine 200. The camera 310, mounted on the top of the
display 300, for example, takes an 1mage of a user viewing
the display 300 and supplies the taken image to the game
machine 200.

FIGS. 2(a) and 2(b) are diagrams for describing a head-
band 100 with markers that 1s worn by the user.

FIG. 2(a) 1s a configuration diagram of the headband-
with-markers 100. The headband 100 has a head-top marker
11071, a left-side head marker 110L, and a right-side head
marker 110R. When the user wears the headband 100, the
head-top marker 1107 1s positioned on the top of the user’s
head, the lett-side head marker 110L 1s positioned on the left
side of the user’s head, and the right-side head marker 110R
1s positioned on the right side of the user’s head. FI1G. 2(b)
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4

illustrates an appearance i which the user wears the-
headband-with-marker 100. These markers are made of
inirared light emitting diodes, for example.

Herein, the headband 1s mounted with markers; however,
anything that can be worn on the user’s head and adjustable
in a wearing position back and forth i1s available as a head
fixture 1n addition to a headband. For example, the headband
may be a headset or a cap.

Referring to FIG. 3, there 1s depicted a diagram 1llustrat-
ing a manner 1 which a user wearing the headband-with-
markers 100 1s viewing the display 300.

The user 1s observing the display 300 at a place away from
the display 300 by a distance d. In this example, the user
wears a pair ol stereoscopic vision glasses 400 and 1s
viewing a screen ol the display 300 on which a parallax
image 1s displayed. The camera 310 mounted on the top of
the display 300 takes an 1mage of the head of the user who
wears the headband-with-markers 100.

The camera 310 has an infrared light transmission filter

and 1s capable of detecting the positions of the head-top
marker 1107, the left-side head marker 110L, and right-side

head marker 110R of the headband 100 through the image
processing for detecting bright spots from an image of the
user’s head taken by the camera 310.

Referring to FIG. 4, there 1s depicted a diagram 1llustrat-
ing a manner in which the camera 310 detects an emission
distribution of the marker 110. In order to mimimize the
power dissipation of the marker 110, a light emitting diode
having directionality in the emission distribution 1s used;
however, the accuracy 1n the positional detection at the time
of detecting the position of the marker 110 by taking an
image of the light of the marker 110 through the camera 310
depends upon the emission distribution.

The emission intensity distribution of the infrared light
emitting diode expands 1n the front direction as depicted by
a sign 112; when viewed from the front of the light emitting
diode, the emission distribution 1s almost symmetrical and
having little abrupt change, while viewed from a diagonal
direction, a light intensity distribution that 1s not uniform 1s
observed.

If the camera 310 takes a light 116 traveling from the front
of the light emitting diode, then the gravity of a black area
indicated by a sign 114 1s detected as the position of the
marker 110, thereby resulting 1n the highly accurate detec-
tion of the position of the marker 110. On the other hand, 1
the camera 310 takes a light 118 1n a diagonal direction of
the light emitting diode, then the amount of light 1s
extremely reduced and becomes non-uniform depending on
the angle, causing abrupt decrease of the measuring accu-
racy of the center of gravity, resulting in the difliculty 1n the
correction detection of the position of the marker 110.

FIG. 5(a) 1s a diagram 1illustrating positional relations
between the three markers 11071, 110L, and 110R of the
headband 100 and the camera 310. The head-top marker
110T 1s positioned as opposed to the camera 310, so that the
camera 310 1s capable of taking an image of the head-top
marker 110T and measuring the two-dimensional coordi-
nates of the head-top marker 11071 with a high accuracy. By
contrast, the left-side head marker 110L and the rnight-side
head marker 110R are positioned diagonally relative to the
camera 310, so that the measuring accuracy of the two-
dimensional coordinates 1s decreased.

FIG. 5(b) 1s a diagram 1illustrating an image S10L of the
left-side head marker 110L and an image 510R of the
right-side head marker 110R that are taken by the camera
310. The two-dimensional coordinate of the image S10L of
the right-side head marker 110L has a measurement error
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512L and the two-dimensional coordinate of the image S10R
ol the nght-side head marker 110R has a measurement error
512R, resulting 1n a low measuring accuracy. However, 1f 1t
1s assumed that the user views the display when the user 1s
in an upright state, then in the detection of the tilt of the
head, the errors in the horizontal direction do not present a
problem because these measurement errors 3121 and 512R
are 1 the horizontal direction, thereby mimmizing the
influence of the errors when measuring a head tilt angle
vAngle.

In the present embodiment, the correction amount of a
viewpoint position 1s determined with reference to the
two-dimensional coordinate of the head-top marker 110T. In
order to properly correct a viewpoint position, the user
moves the position of the headband 100 forward or back-
ward, thereby adjusting the position of the head-top marker
110T. This can minimize the difference between persons,
thereby realizing the correction processing for correcting a
viewpoint position in stereoscopic display with very small
amount of computation.

Further, a head tilt 1s detected from the two-dimensional
coordinates of the left-side head marker 110L and the
right-side head marker 110R so as to execute additional
stereoscopic display correction.

The coordinates 1n the Z direction of the head-top marker
110T, the left-side head marker 110L, and the right-side head
marker 110R are not used. From the head-top marker 1107,
only a position of the two-dimensional coordinate, namely,
an XY plane of the head 1s taken and, from the left-side head
marker 110L and the right-side head marker 110R, only a
head tilt angle 1s taken for use 1n correction computation,
thereby realizing the stable correction processing not much
influenced by measurement errors for correcting a viewpoint
position.

It should be noted that mounting the left-side head marker
110L and the right-side head marker 110R on the headband
100 with angles such that these markers are directed to the
front of the camera 310 can enhance the measuring accuracy
in the horizontal direction 1n the two-dimensional coordi-
nates for both the left-side head marker 110L and the
right-side head marker 110R; however, this arrangement 1s
cllective only for the case where the distance from the
camera 310 to the headband 100 1s constant, so that this 1s
not a much realistic solution method. In the present embodi-
ment, 1t 1s assumed that the measurement accuracy in the
honizontal direction in the two-dimensional coordinates of
the left-side head marker 110L and the night-side head
marker 110R be low and, in order not to be affected by
measurement errors, the detected two-dimensional coordi-
nates are not directed used with the left-side head marker
110L and the right-side head marker 110R, thereby obtaining
an angle between the line iterconnecting the left-side head
marker 110L and the right-side head marker 110R and the
horizontal direction (namely, the user’s head tilt angle
vAngle). In the process of obtaining the tilt angle, the
measurement error of the two-dimensional coordinate of the
left-side head marker 110L and the measurement error of the
two-dimensional coordinate of the right-side head marker
110R can be oifset.

Referring to FIG. 6, there 1s depicted a functional con-
figuration diagram 1llustrating a stereoscopic image genera-
tion apparatus 210 related with the present embodiment. In
the figure, a block diagram 1s drawn with attention to
functions that can be realized in a variety of forms; by
hardware only, by software only, or combinations thereof.

The stereoscopic image generation apparatus 210 1s
mounted on the game machine 200 connected to the display
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300; 1t 1s also possible to mount at least some of the
functions of the stereoscopic image generation apparatus
210 1nto a control block of the display 300. Alternatively, at
least some of the functions of the stereoscopic image gen-
cration apparatus 210 may be mounted on a server con-
nected to the game machine 200 via a network.

An 1mage block 10 stores into a memory an 1mage of the
head of the user wearing the headband-with-markers 100,
the 1mage being taken by the camera 310. A marker detec-
tion block 20 scans the taken image to detect the two-
dimensional coordinates of the head-top marker 110T, the
left-side head marker 110L, and the right-side head marker
110R, supplying the detected two-dimensional coordinates
to a viewpoint position correction block 30.

On the basis of the two-dimensional coordinates of the
head-top marker 1107, the left-side head marker 110L, and
the right-side head marker 110R obtained from the marker
detection block 20, the viewpoint position correction block
30 corrects the viewpoint position and gives the information
about the updated viewpoint position to a stereoscopic
image generation block 40. It should be noted here that the
viewpoint position correction block 30 executes the correc-
tion of viewpoint position without use of the coordinates of
the Z direction, namely, the mformation of depth, of the
markers 1107, 110L, and 110R.

The stereoscopic image generation block 40 reads a
three-dimensional model of an object to be displayed from
a three-dimensional model storage block 50, generates an
image for the leit eye and an 1image for the right eye having
a parallax given when viewed from the updated viewpoint
position supplied from the viewpoint position correction
block 30, and supplies the generated 1mages to a display
block 60. The display block 60 displays the received image
for the left eye and 1mage for the right eye on the display
300.

A calibration block 70 instructs the stereoscopic image
generation block 40 to generate a three-dimensional object
for calibration. In addition, the calibration block 70 instructs
the display block 60 to display on the display 300 a message
for prompting the user to feel for a wearing position at which
the three-dimensional object for calibration does not move
even 1f the head 1s moved by adjusting the wearing position
of the headband-with-markers 100. The display block 60
displays a parallax image of the three-dimensional object for
calibration onto the display 300 and, at the same time, a
message for prompting the user to adjust the wearing
position of the headband-with-markers 100 onto the display
300. This message may be given to the user 1n an audible
manner.

Referring to FIG. 7, there 1s depicted a detailed functional
configuration diagram of the viewpoint position correction
block 30. A head-top marker coordinate acquisition block
72, a left-side head marker coordinate acquisition block 74,
and a right-side head marker coordinate acquisition block 76
acquire the coordinate positions of the head-top marker
110T, the left-side head marker 110L, and the right-side head
marker 110R, respectively, from the marker detection block
20.

A translation computation block 78 detects a translation of
the user’s viewpoint by use of the two-dimensional coordi-
nate of the head-top marker 110T.

A head t1lt computation block 80 computes a tilt angle of
the user’s head by use of the two-dimensional coordinates of
the left-side head marker 110L and the rnight-side head
marker 110R and gives the obtained tilt angle to a translation
correction amount computation block 82 and a shift amount
computation block 84.
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The translation correction amount computation block 82
computes a translation correction amount of the viewpoint
position from the translation of the user viewpoint and the
t1lt angle of the user’s head and gives the obtained transla-
tion correction amount to a viewpoint position update block
86.

The shiit amount computation block 84 computes a shiit
amount of the viewpoint position according to the tilt of the
user’s head by use of the tilt angle of the user’s head and
gives the obtained shift amount to the viewpoint position
update block 86.

The viewpoint position update block 86 updates the
viewpoint position by use of the ftranslation correction
amount and shift amount of the viewpoint position and
supplies the information about the obtained updated view-
point position to the stereoscopic 1mage generation block 40.

Referring to FIG. 8, there 1s depicted a diagram 1llustrat-
ing the head-top marker 1107, the left-side head marker
110L, and right-side head marker 110R 1n a taken image 500
provided by the camera 310. The taken image 500 1s W
pixels wide and H pixels high. With the upper lett of the
taken 1mage 500 being “0, 0,” the marker detection block 20
obtains, 1n units of pixels, the two-dimensional coordinate
(wpos'T, hposT) of the head-top marker 11071, the two-
dimensional coordinate (wposL, hposL.) of the left-side head
marker 110L, and the two-dimensional coordinate (wposR,
hposR) of the right-side head marker 110R.

FIGS. 9(a) and 9(b) are diagrams 1llustrating a method in
which the marker detection block 20 scans the taken 1image
500 to detect the head-top marker 1107, the left-side head
marker 110L, and the right-side head marker 110R.

First, as depicted in FIG. 9(a), the taken image 500 1s
scanned line by line from the upper left to detect the
head-top marker 110T. When the two-dimensional coordi-
nate (wpos'l, hposT) of the head-top marker 11071 has been
detected, the taken 1image 500 1s divided into a left area and
a right area at the position of the head-top marker 110T as
depicted 1n FIG. 9(b); in the left area, the taken image 500
1s scanned line by line from the top to detect the two-
dimensional coordinate (wposR, hposR) of the right-side
head marker 110R and, in the right area, the taken 1mage 500
1s scanned line by line from the top to detect the two-
dimensional coordinate (wposL, hposL) of the left-side head
marker 110L.

In this two-step scan, if any of the three markers 1107,
110L. and 110R has not been detected, 1t 1s handled as an
error and the positional coordinates obtained by previous
scanning, of the markers 11071, 110L and 110R are used
without change.

Referring to FIG. 10, there 1s depicted a diagram illus-
trating a view frustum 630L and a view frustum 630R of the
left eye and the right eye, respectively, that are used when
stereoscopically displaying a three-dimensional object 600
on a screen 610.

In order to explain an algorithm for correcting viewpoint
positions, the {following three coordinate systems are
defined.

(1) Camera Input Coordinate System

This 1s a two-dimensional coordinate system of a taken
image provided by the camera 310, the unit of the coordinate
system being a pixel unit of the taken 1mage.

(2) World Coordinate System

This 1s a coordinate system of a three-dimensional space
in which the three-dimensional object 600 exists. The mid-
point between the origin of a perspective projection of the
right eye and the origin of a perspective projection of the left
eye 1s the origin of the world coordinate system, the direc-
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tion toward the screen of the display 300 being 7 axis, the
horizontal direction being X axis, and the vertical direction
being Y axis. The unit of the coordinate system 1s the unit of
the length of a real space.

(3) Display Screen Coordinate System

This 1s a two-dimensional screen coordinate system rep-
resented by a pixel space of the display 300, the unit of the
coordinate system being the display pixel umit of the display
300.

A stereoscopic display operation 1s executed by perspec-
tively projecting the three-dimensional object 600 by use of
the view frustum 630L and the view frustum 630R obtained
by translating these view frustums 630 by —Ew/2 for the left
eye and Ew/2 for the night eye, the interval between a human

left eye 620L and a human right eye 620R being E

Ew. It
should be noted that 1t 1s considered that the positions of the
actual eyeballs are 1n front of the origins 640L and 640R of
the view frustums 630L and 630K ; however, 1n this example

the eye balls are drawn at the positions of the origins 640L
and 640R of the view frustum 630L and 630R for the
purpose of brevity.

In an actual computation, with the coordinate system of
the perspectively converted view frustum fixed, for the left
eye, Tor example, the three-dimensional object 600 1s moved
on the world coordinate system by —(-Ew/2)=Ew/2 and the
resultant generated 1image 1s moved 1n the opposite direction
on the screen coordinate system by an amount equivalent to
the value mentioned above.

The distance from the screen to the viewpoint 1s a fixed
setting value. It 1s possible to measure the Z coordinate
(depth) of the user’s viewpoint by the camera 310; however,
because excess computation processing increases the insta-
bility of a display image, the Z coordinate 1s not measured
here, thereby executing no correction of the viewpoint
position in the 7 direction. The viewpoint position 1s cor-
rected only by use of the two-dimensional coordinate (X, Y)
of the marker on the taken image without use of the Z
coordinate, so that the influence of errors can be minimized.

Referring to FIG. 11, there 1s depicted a diagram 1llus-
trating a translation correction amount on the viewpoint
position when the viewpoint 1s translated. Illustrated are a
view frustum 630L' of a left eye 620L' and a view frustum
630R' of a rnight eye 620R' when the viewpoint 1s translated
in the X axis (the horizontal direction) by xTran.

The translation computation block 78 computes amounts
(xTran, y'1Tran) of display position correction in the world
coordinate system of the three-dimensional object 600 from
the positions (wposT, hposT) of the head-top marker 1107 1n
the camera mput coordinate system as follows. This com-
putation presupposes that the both eyes of the user be kept
horizontal.

xTran=-(wposi-wRef) wScale

vIran=(hposi-hRel)-hScale

In the above, (wRel, hRel) 1s a reference point defining
the center of the camera input coordinate system. If the
camera 310 1s positioned at the center top of the screen of the
display 300, for example, wRel may be the X coordinate of
the center position between the left and right view frustums
in the camera mput coordinate system; 1f the center of the
perspective conversion of the both human eyes i1s at the
origin of the world coordinate system, then hRef may be the
Y coordinate of the position of the head-top marker 11071
that 1s detected by the camera 310.

wScale and hScale are scaling coelflicients for converting
a marker pixel position obtained on the camera mput coor-
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dinate system into the coordinate system of a world space.
Originally, a function with the distance from the camera to
the marker being a variable 1s provided; however, in the case
of this technique, 1n order to presuppose that a user does
viewing near an optimum position relative to the display
300, so that the processing 1s executed by use of a constant
value.

In addition, a tilt in the world coordinate system of the
user’s head 1s measure from a relation between the two-
dimensional coordinate (wposL, hposL) of the left-side head
marker 110L in the camera input coordinate system and the
two-dimensional coordinate (wposR, hposR) of the right-
side head marker 110R 1n the camera input coordinate
system. In this case also, the tilt 1n the Z direction in the
world coordinate system 1s i1gnored and the tilt on the
two-dimensional plane parallel to the camera coordinate
system and the screen coordinate system 1s handled. Let the
angle of this tilt be vAngle. vAngle can be obtained from an
equation below.

vAngle=arcTan({hposR-hposL)/(wposR—wposL))

The translation correction amount computation block 82
turther corrects the above-mentioned translation correction
amounts xTran and yTran obtained on the assumption that
there 1s no head tilt by use of head tilt angle vAngle as
follows.

xTran=(-(wposO-wRel)+2Dist-sin(vAngle))-wScale

yIran=(hposO-ARef+hDist-(1-cos(vAngle)))-kScale

It should be noted that hDist denotes a distance between
the position of the head-top marker 110T on the camera
input coordinate system and the reference position (the
origin of the world coordinate system) of both the eyes of the
user.

FIGS. 12(a) and 12(b) are diagrams 1llustrating a change
in positions of the head-top marker 1101 depending on head
tilt angle vAngle. FIG. 12(a) depicts a position of the
head-top marker 110T with both the user’s eyes being
horizontal, the head-top marker 110T being away from the
center of both the user’s eyes by hDist. FIG. 12(5) 1s
indicative of a position of the head-top marker 110T when
both the user’s eyes tilt to the horizontal direction by angle
vAngle, the head-top marker 110T being displaced in the
horizontal direction (X axis) by hDist-sin(vAngle) and, in
the vertical direction (Y axis) by hDist-(1-cos(vAngle)).
Taking this displacement 1nto consideration, translation cor-
rection amounts xTran and yTran are corrected as indicated
by the equation mentioned above.

Thus, the translation correction amounts xIran and yTran
obtained by also considering head tilts are values that are
obtained by estimating how much the center between the
view Irustums of perspective projection for stereoscopic
view 1s shifted from the origin of the world coordinate
system, on the basis of the change in the two-dimensional
coordinates of the three markers head-top marker 110T,
left-side head marker 110L, and the right-side head marker
110R of the camera mput coordinate system.

FIG. 11 depicts the movement of the view frustums when
only the horizontal direction 1s taken 1nto consideration; the
same holds with respect to the vertical direction. As seen
from FIG. 11, this movement can be obtained by moving the
actual three-dimensional object 600 by —xTran and -y'Iran
in the world coordinate system and, further, by moving a
generated 1mage by an amount equivalent to xTran and
yTIran in the screen space.
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The correction amounts xAdj and yAdj 1n pixel unit in this
screen space are expressed by equations below.

xAdj=-xTran/sScale

vAdj=—yTran/sScale

It should be noted that sScale 1s a coordinate conversion
coellicient 1n conversion from the world coordinate system
to the screen coordinate system. If the ratios differ with each
other in X direction and Y direction, values corresponding to
the different ratios must be used.

When the user rotates or moves his or her head to the left
or the right, the center between the view frustums 1s shifted
from the origin of the world coordinate system. If the left
and right parallax images are displayed on the display 300
without correcting the viewpoint position relative to this
shift, the stereoscopic video 1s viewed swinging according to
the translation or rotation of the user’s head, resulting in
dizziness. In the present embodiment, the viewpoint position
1s updated by obtaining translation correction amounts
XTran and y'lran and the left and right parallax 1mages
viewed from the updated viewpoint position are generated to
be displayed on the display 300. Consequently, no swinging
occurs on a stereoscopic video in accompaniment with a
viewpoint shift 11 the user umintentionally moves his or her

head, thereby providing stable stereoscopic videos.
FIGS. 13(a) and 13(b) are diagrams 1llustrating the dis-

placement in the center between the view frustums resulting
when the user tilts his or her head.

As depicted i FIG. 13(a), 1t the positions of both the
user’s eyes 6201 and 620R are kept horizontal, a binocular
image may be generated for stereoscopic view by translating
the view frustums 630L and 630R for perspective conver-
sion by Ew/2 each.

As depicted 1n FIG. 13(b), 11 both the user’s eyes are
tilted, the view frustum 630L of the left eye and the view
frustum 630R of the right eye are shifted in a diagonal
direction, so that the shift amount computation block 84
executes shift correction on the view frustum translation

amount by use of t1lt vAngle of both the user’s eyes obtained
from the Left-side head marker 110L and the right-side head

marker 110R.

This correction 1s expressed by the following equations
with shiit correction amounts xshift and yshiit of the left and
right eye positions on the world coordinate system.

For the left eye:

xShift=(Ew/2)-cos(vAngle)

yShift=—(Ew/2)-sin(vAngle).
For the right eye:
xShift=—(Ew/2)-cos(vAngle)

yShift=(Ew/2)sin{vAngle).

In order to actually execute this correction, the expression
1s executed as a computation for moving an object 1n the
reverse direction with the position of the view frustum kept
unmoved. Hence, an image obtained on the screen coordi-
nate system 1s moved in the opposite direction by an amount
equivalent to the value mentioned above.

Also 1n the screen space, the shift correction correspond-
ing to that mentioned above 1s executed. Let the shait
amounts be xShiftAd; and yShiftAd;, then these are
expressed by the following equations for both the left and
right eyes.

xShiftAdj=—xShift/sScale

yShiftAdj=—yShift/sScale
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The viewpoint position update block 86 obtains the move-
ment amount of the viewpoint position by adding the
translation correction amounts x1Tran and y'Tran to the shift
correction amounts xshift and yshitt, thereby updating the
viewpoint position. It should be noted that 1t 1s optional to
correct the viewpoint position by considering a head talt shait
correction amount; the viewpoint position may be corrected
by use of only a translation correction amount with a head
t1lt not considered by assuming vAngle=0 under the condi-
tion that the user keeps his or her head horizontal.

Referring to FIG. 14, there 1s depicted a diagram illus-
trating a relation between the wearing position of the head-
band-with-markers 100 and the projection origin of the view
frustum.

A projection origin 640 of a view frustum 1s the focal
position of the human eyes and 1s considered to be deeper
than the actual eye position. Here, because there are two
view frustums, the left and the right, the projection origin
640, to be exact, 1s the midpoint between the projection
origins of these view frustums; however, the projection
origin 640 1s called the projection origin of a view frustum
for the purpose of brevity.

With a viewpoint position correction algorithm, an 1image
1s corrected by use of the projection origin 640 of view
frustum as the origin of the world coordinate system. This
assumes that the head-top marker 1107 of the headband 100
for use as the reference for the detection of a viewpoint
position 1s at a position just above the origin of the world
coordinate system, namely, a position just above the pro-
jection origin 640 of view frustum by hDist.

However, because the projection origin of view frustum 1s
a focal position of human eyes, this position cannot be
directly measured 1n a normal manner. Therefore, markers
are assembled 1n an accessory that 1s forward and backward
adjustable 1n wearing position and worn on the head like the
headband 100 and the user adjusts the wearing position of
the headband 100 by himself or herself so as to be able to
naturally view a stereoscopic image displayed on the screen,
thereby making 1t possible to set the projection origin of a
view frustum such that the setting 1s i1deal for each user.

The calibration block 70 instructs the stereoscopic image
generation block 40 and the display block 60 to generate a
parallax 1image of a three-dimensional object for calibration
and display the generated 1image onto the display 300. The
calibration block 70 instructs the user to forward or back-
ward adjust the wearing position of the headband-with-
markers 100 by text or sound on the screen.

Viewing the parallax image of the three-dimensional
object for calibration displayed on the display 300 through
the stereoscopic vision glasses 400, the user adjusts the
wearing position of the headband 100 forward or backward
such that the three-dimensional object for calibration does
not move 1f the user rotates or moves his or her head to the
left or the right. When the head-top marker 110T of the
headband 100 1s positioned just above the projection origin
640 of view frustum of this user, the viewpoint position
correction algorithm works effectively, thereby preventing
the three-dimensional object for calibration from being
moved even 1f the head i1s moved. This completes the
calibration and the calibration block 70 1nstructs the stereo-
scopic 1mage generation block 40 and the display block 60
to end the generation and display of the parallax image of the
three-dimensional object for calibration.

In a conventional method, markers are mounted on the
surface of the stereoscopic vision glasses 400, for example,
to be taken by a camera and the projection origin of the view
frustum 1s computed by three-dimensionally measuring the
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positions of the markers. However, 1n the case where mark-
ers are mounted on the stereoscopic vision glasses 400, there
1s an oflset from the projection origin of view frustum 1n Z
direction, so that correct information in depth direction 1s
required to obtain the projection origin of view frustum from
marker positions, thereby making the computation compli-
cated. In addition, even if the markers of the stereoscopic
vision glasses 400 are taken, 1t 1s diflicult to make distinction
between the rotation and translation of the head of the user,
making 1t easy to cause errors 1n positional measurement.
Further, this method requires a computation for the focal
position of the eyes of each user, thereby making 1t neces-
sary to execute a time consuming calibration process while
requiring the user to execute menu operations.

By contrast, in the present embodiment, the head-top
marker 1107 1s adjusted just above the projection origin of
the view frustum, so that there i1s no offset between the
head-top marker 1101 and the projection origin of the view
frustum 1n the Z direction, resulting 1n a simplified view-
point position correction computation. In addition, the cali-
bration technique according to the present embodiment
allows the realization of the adjustment matching the focal
position of the eyes of each user by a very mtuitive method
of physically shifting the wearing position of the headband
100 forward or backward by the user, resulting in the
execution of calibration that 1s easy for every user. Further,
the number of positions of the markers to be detected 1s
small, so that the influence of the error for each marker 1s
minimized, thereby providing very stable calibration.

FIGS. 15(a) and 15(b) are diagrams illustrating advan-
tages that are obtained by not executing the correction of a
viewpoint position in the Z direction. In the present embodi-
ment, the computation 1s stmplified by intentionally omitting,
the correction of a viewpoint position for the movement in
the depth direction of the viewpoint. This also brings about
other advantages.

FIG. 15(a) depicts a positional relation between the view
frustum 630, the three-dimensional object 600, and the
screen 610. When the origin 640 of the view frustum 630 1s
at this position, the entire three-dimensional object 600
comes 1nside the view frustum 630, so that the entire 1mage
of the three-dimensional object 600 1s displayed on the
screen 610.

FIG. 15(b) depicts a positional relation when the view-
point moves 1n the 7 direction. I the position of the
viewpoint in the Z direction 1s corrected when the viewpoint
approaches the screen 610, part of the three-dimensional
object 600 gets out of the view frustum 630, so that the
image of the three-dimensional object 600 rides over the
edge of the screen 610.

As generally known, in the case of stereoscopic view
display, 11 an object rides over the edge of an 1mage, the
processing of frame correction, if any, imvolves unnatural
viewing. However, if the correction of the viewpoint posi-
tion 1n the Z direction 1s not necessarily executed, the
possibility that the object partially rides over the edge of an
image 1s minimized though the object 1s viewed somewhat
shrunk in the Z direction, thereby resulting 1n the keeping of
an 1mage easy to view. Thus, that the correction of the
viewpoint position 1n the Z direction i1s not necessarily
executed not only makes simple the viewpoint position
correction algorithm but also provides a secondary eflect
that the maintenance of naturally looking stereoscopic view
display can be facilitated even 1f the viewpoint approaches
the screen.

It should be noted that, in the above description, advan-
tages were explained supposing that no Z-direction correc-
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tion be done; 1n the present embodiment, however, 1t 1s also
possible to add easy correction of the viewpoint position in
the 7 direction without adding another measurement device.

For example, 1t 1s possible to obtain a line connecting a
point (wposL, hposL.) and another point (wposR, hposR)
from the two-dimensional coordinate (wposT, hposT) of the
head-top marker 1101, the two-dimensional coordinate
(wposL, hposL) of the left-side head marker 110L, and the
two-dimensional coordinate (wposR, hposR) of right-side
head marker 110R, detect a change 1n the distance between
the obtained line and the two-dimensional coordinate
(wpos'T, hposT) of the head-top marker 1101, and approxi-
mately correct the distance d between the head-top marker
110T and the screen.

Thus, 1t 1s also possible to correct the depth direction
without obtaining the correct coordinate values in the depth
direction of each of the head-top marker 1107, the left-side
head marker 110L, and the right-side head marker 110R.

The following illustrates with reference to FIGS. 16A
through 16C and by use of a human stereoscopic view
model, that 1t 1s possible to execute calibration by adjusting,
the position of the head-top marker 11071 of the headband
100 such that a stereoscopically viewed object can be
viewed as being at a standstill.

FIG. 16 A 1s a diagram 1illustrating a positional relation
between the view frustums 630L and 630R, the three-
dimensional object 600, and the screen 610 as viewed from
just above a head 660 of a user. In this diagram, the user 1s
directing his or her head 660 directly to right in front of the
screen 610. Here, reference numeral 640 1s indicative of the
midpoint between the origin 640L of the left-eye view
frustum 630L and the origin 640R of the rnight-eye view
frustum 630R. Reference numeral 650 1s indicative of the
rotational axis of the head 660.

The user views the position (Ax, Az) of a point A on the
three-dimensional object 600 from the origins 640L and
640R of the left and right view frustums 630L and 630R,
respectively. It 1s considered that the user estimates the
position of the point A 1n the three-dimensional space such
that the point A on the three-dimensional object 600 1s 1n the
direction at an angle 01 to the direct front direction of the
left-eye view frustum 630L and 1n the direction at an angle
02 to the direct front direction of the rnight-eye view frustum
630R.

FIG. 16B 1s a diagram illustrating new view frustums
630L' and 630R' that are obtained when the user rotates the
head 660. The user views the point A on the three-dimen-
sional object 600 by moving the eyeballs 1n a state 1n which
the head 660 1s turned by a rotational angle ¢ around the
rotational axis 650.

The user views the position of the point A from the origins
640L' and 640R' of the left and right view frustums 630L'
and 630R', the point A being 1n the direction of an angle 01"
to right 1n front of the left-eye view frustum 630L' and 1n the
direction of an angle 02' to right in front of the right-eye
view Ifrustum 630R'. Since 0101, 02'<02, the point A
moves 1n the direction reverse to the rotational direction of
the head 660; however, at this point of time, the human being
recognizes that the point A 1s at a standstill, so that 1t 1s
considered that the human being cogmtively executes angle
correction for line-of-sight angles 01' and 02'.

It 1s considered that the human being has no sensor for
directly knowing the position of the eyeballs, so that 1t 1s
considered that the human being estimates the movement of
the position of the origin of the two virtual left and right
view frustums from the rotating of own head and executes
angle correction on new line-of-sight angles 01' and 02' for
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viewing from that position, thereby recognizing that the
point A 1s at a standstill. Because of this human being’s
cognitive processing, 1t 1s considered that, when the head-
band 100 1s worn such that the head-top marker 11071 comes
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frustums, the correction processing on the origin positions of
the view frustums 1s precisely executed, allowing the user to
view the point A at a standstill even if the head 660 1s
rotated.

As easily seen from this diagram, 1f the headband 100 1s
worn such that the head-top marker 11071 1s positioned
forward from just above the midpoint of the origins of the
two view frustums, the point A 1s viewed as moving 1n the
reverse direction of the rotation direction as the head 660
rotates; 1f the headband 100 1s worn such that the head-top
marker 110T 1s positioned backward from just above the
midpoint between the origins of the two view frustums,
namely, positioned in the proximity of the rotational center
650 of the head 660, the point A 1s viewed as moving 1n the
same direction as the rotational direction as the head 660
rotates. Consequently, 11 the wearing position of the head-
band 100 1s adjusted such that the point A 1s viewed at a
standstill even 11 the head 660 1s rotated, the head-top marker
110T comes just above the midpoint between the origins of
the two view frustums.

It should be noted however that the present technique
does not execute the correction on the viewpoint position 1n
the Z direction, so that, even i1f the head 660 1s rotated,
approximate processing 1s executed assuming that the ori-
gins of the view frustums have been translated as depicted
in FIG. 16C without considering the Z direction.

FIG. 16C 1s a diagram illustrating approximate view
frustums 630L" and 630R" resulted from rotation of the head
660 of the user.

The user views the position of the point A from the origins
640L" and 640R" of the left and right view frustums 630L"
and 630R" and the point A 1s 1n the direction of an angle 01"
to the right in front of the left-eye view frustum 630L" and
in the direction of an angle 02" to the right in front of the
right-eye view frustum 630R". As a result of this approxi-
mation, 01">01" and 02"<02', so that 1t 1s predicted that the
point A 1s viewed as moved slightly to the nght from the
standstill position; however, the focal position of the human
eyes 1s at a position deeper than the eyeballs, so that, in the
present technique, the head-top marker 110 1s worn at a
position comparatively near the rotational center 650 of the
head 660, thereby mostly cancelling a computation error
caused by this approximation. Consequently, personally
adjusting the position of the head-top marker 11071 of the
headband 100 allows to configure a display system 1n which
a stereoscopic 1mage 1s viewed at a standstill.

The following describes 1n detail the validity of the
calibration of the present embodiment with reference to
FIGS. 17A through 17C. Here, the validity of the present
technique 1s 1indicated by equations when the point A of the
three-dimensional object 600 1s at the origin of the horizon-
tal axis (X axis).

FIG. 17A 1s a diagram 1llustrating a line-of-sight angle
when the head 660 1s directed to the front. The user 1s
viewing the position of the point A from the origins 640L
and 640R of the left and right view frustums, the point A
being 1n the direction of a line-of-sight angle 01 of the left
eye and 1n the direction of a line-of-sight angle 02 (=01) of
the right eye.

Here, let an interval between the left and right view
frustums be Ew, a distance 1n the Z-axis direction from the
midpoint 640 between the origins of the view frustums when
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there 1s no rotation of the head 660 to the point A be d, and
a distance from the midpoint 640 between the origins of the
view frustums to the rotational center 650 of the head 660 be
a. Then, 11 rotational angle of the head ¢=0, the line-of-sight
angles 01 and 02 are expressed by the following equation.

tan O1=tan 62=Ew/2d

FIG. 17B 1s a diagram 1illustrating light-of-sight angles
that are obtained when the head 660 1s turned by the
rotational angle @. The user 1s viewing the position of the
point A from the origins 640L' and 640R' of the left and right
view Ifrustums, the point A being in the direction of a
line-of-sight angle 01' of the left eye and 1n the direction of
a line-of-sight angle 02' of the right eye. Line-of-sight angles
01' and 02' at the rotational angle ¢ are expressed by the
tollowing equations.

tan O1'=(a-sin @)+(Ew/2)-cos @)/ (d+a(1-cos @)+
(Ew/2)-s1n ))

tan 02'=(-a-simn @+(Ew/2)-cos @)/ (d-a-(1-cos @)-
(Ew/2)-s1n ¢))

FI1G. 17C 15 a diagram 1llustrating line-of-sight angles that
are obtained when the rotation of the head 660 1s approxi-
mated by translation. The user 1s viewing the position of the
point A from the origins 640L" and 640R" of two view
frustums, the point A being 1n the direction of a line-of-sight
angle 01" of the left eye and 1n the direction of a line-of-sight
angle 02" of the right eye. Let a distance from a midpoint
640" between the origins 640L" and 640R" of two view
frustums that are used approximately to the rotational center
650 of the head 660 be a'. Then, line-of-sight angles 01" and
02" that are obtained by approximating the rotation of head
by translation are expressed by the following equations.

tan 01"=(a"sin @+Ew/2)/d

tan 02"=(-a"sin @+Ew/2)/d

Here, 11 the rotational angle @ 1s near 0, then the equations
ol line-of-sight angles 01' and 02' at the rotational angle ¢
and line-of-sight angles 01" and 02" obtained by approxi-
mation by translation are simplified as follows.

tan O1'=(a-@+Ew/2)/(d+(Ew2)y@)=(a-@p+Ew/2—(Ew/
2dy)/d

tan O2'=(-a-@+Ew2)/ (d—(Ew/2) @)=(—a-qg+Ew/2+
(Ew/2d)@)/d

tan O1"=(a"@+Ew/?2)/d

tan 02"=(-a""@p+Ew/2)/d

Here, 11 a condition 01'=01" 1s added, then a'=a-Ew/2d 1s
obtained, resulting in 02'=02". Conditions 01'=01" and
02'=02" denote that there 1s no distinction between rotation
and translation.

In the present technique, the information about the mea-
surement of the marker positions 1n the Z direction 1s not
used at all; however, wearing the headband 100 such that the
head-top marker 110T of the headband 100 comes just above
the position away from the rotational center of the head by
the distance a'=a-Ew/2d corresponding to the distance d up
to an object allows the realization of a display system in
which a three-dimensional object can be viewed at a stand-
still relative to a rotational movement of the head.

If the distance d up to an object 1s long enough, namely,
iI an object 1s positioned far enough, then a'=a 1s satisfied
where wearing the headband 100 such that the head-top
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marker 110T comes just above the midpoint between the
origins of two view frustums allows the user to view the
object at a standstill.

If the distance d up to an object 1s short, namely, an object
1s positioned near, then 1t 1s optimum to wear the headband
100 farther backward from the position of the midpoint
between the origins of the two view frustums by Ew/2d.
Theretfore, 1n adjusting a wearing position of the headband
100, 1t 1s desirable to set the distance d up to an object to an
average value to display a three-dimensional object for
calibration. It should be noted that this adjustment amount
Ew/2d 1s small enough, so that this adjustment amount may
often be practically 1gnored.

As described above, the reason why the wearing position
of the headband 100 includes an adjustment amount depen-
dent on the distance d up to an object to be exact is that the
present technique does not measure the position of each
marker in the Z direction. In the present technique, only the
two-dimensional coordinate of each marker on a taken
image 1s used, so that the correction algorithm for viewpoint
positions 1s simplified and no error 1s mvolved 1n the
computation. On the other hand, by finding out a position
where an object 1s viewed at a standstill by adjusting the
wearing position of the headband 100, the user can adjust the
position of each marker to an optimum position including an
adjustment amount Ew/2d depending on the distance d up to
the object.

As described above, according to the present embodi-
ment, a user wearing markers made of 1nfrared light diodes,
for example, on his or her head, especially, the top of the
head and the left and right sides of the head i1s 1imaged by an
infrared light camera, for example, the two-dimensional
coordinates of these markers are detected from the taken
image, and a viewpoint position 1s corrected realtime from
the two-dimensional coordinates of the markers, thereby
generating a parallax image. Consequently, an object ste-
reoscopically viewed does not move, thereby eliminating
uncomfiortableness such as dizziness. In addition, more
correct three-dimensional shapes can be recognized. Espe-
cially, a viewpoint position may be corrected on the rotation
around the vertical axis of the head and a tilt of the head to
the left or right that are sensuously important so as to prevent
the occurrence ol unnatural artifacts, thereby presenting
natural-looking stereoscopic videos.

The number of markers to be detected i1s small and the
coordinate values in the Z direction are not used, so that the
influence of errors in the positional measurement can be
reduced. In addition, a viewpoint position 1s corrected from
the two-dimensional coordinates of markers, so that the
viewpoint position can be corrected at high speeds with
small computation amounts. This small amount of compu-
tation results 1n the mitigation of the latency on the correc-
tion processing, thereby also bringing about an effect of
reduced dizziness.

Further, the coordinate values 1in the Z direction of each
marker are not required, so that an advantage 1s provided in
which only one camera 1s enough for measurement.

While the preferred embodiment of the present invention
has been described using specific terms, such description 1s
for illustrative purpose only, and 1t 1s to be understood by
those skilled in the art that changes and variations for the
combination ol composition elements and processes may be
made without departing from the spirit or scope of the
following claims. Such variations will be described as
follows.

In the embodiment mentioned above, a viewpoint position
correction method in the case where a user stereoscopically
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views a parallax image displayed on the display 300 was
described; the same method 1s also applicable when a user
views a stereoscopic 1mage by wearing a head-mounted
display on his or her head. In the case where 1t 1s desired for
a displayed three-dimensional object to be unmovable even
if a user moves his or her head with a head-mounted display
worn, the viewpoint position correction method described
with the above-mentioned embodiment may be used so as to
make a configuration 1 which a stereoscopic video 1s
outputted in accordance with an updated viewpoint position.

REFERENCE SIGNS LIST

10 . . . Imaging block, 20 . . . Marker detection block,
30 . . . Viewpoint position correction block, 40 . . . Stereo-
scopic 1mage generation block, 50 . . . Three-dimensional
model storage block, 60 . . . Display block, 70 . .
Calibration block, 72 . . . Head-top marker coordinate
acquisition block, 74 . . . Left-side head marker coordinate
acquisition block, 76 . . . Right-side head marker coordinate
acquisition block, 78 . . . Translation computation block,
80 . . . Head tilt computation block, 82 . . . Translation
correction amount computation block, 84 . . . Shift amount
computation block, 86 . . . Viewpoint position update block,
100 . . . Headband-with-markers, 110 . . . Marker, 200 . . .
Game machine, 210 . . . Stereoscopic 1mage generation
apparatus, 300 . . . Display, 310 . . . Camera, 400 . . .
Stereoscopic vision glasses

INDUSTRIAL APPLICABILITY

The present invention 1s applicable to technologies con-
figured to generate stereoscopic videos.

The invention claimed 1s:

1. An 1mage generation apparatus comprising:

a marker detection block configured to scan a taken 1image
of a plurality of markers of a fixture worn on a head of
a user so as to detect a two-dimensional coordinate on
the taken 1mage of said plurality of markers;

a viewpolint position correction block configured to cor-
rect a viewpoint position of the user without use of a
coordinate of a Z direction of the markers but by use of
said detected two-dimensional coordinate of said plu-
rality of markers; and

a stereoscopic 1mage generation block configured to gen-
crate a parallax image obtained when a three-dimen-
stonal object 1s viewed from the corrected viewpoint
position,

wherein said plurality of markers include a first marker
arranged at a top section of the head of the user and

said viewpoint position correction block includes

a translation correction amount computation block con-
figured to obtain a translation correction amount of a
viewpoint position on the basis of a two-dimensional
coordinate of the marker at the top section of the head,
and

a viewpoint position update block configured to subtract
said translation correction amount from a viewpoint
position on the basis of said translation correction
amount.

2. The 1image generation apparatus according to claim 1,

wherein

said plurality of markers further include a second marker
arranged at a left-side head and a third marker arranged
at a right-side head;

said viewpoint position correction block further includes
a head tilt computation block configured to obtain a tilt
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of a head on the basis of a two-dimensional coordinate
of the second marker of the left-side head and a

two-dimensional coordinate of the third marker of the
right-side head,

wherein the first marker, second marker, and third marker
are positioned near a rotational center of the head; and

a shift amount computation block configured to obtain a
shift amount of the viewpoint position on the basis of

the head tilt;

said translation correction amount computation block
obtains a translation correction amount of the view-
point position on the basis of a two-dimensional coor-
dinate of the first marker at the top section of the head
and the head tilt; and

said viewpoint position update block updates the view-
point position on the basis of said shift amount and said
translation correction amount.

3. The image generation apparatus according to claim 1,
further comprising:

a calibration block configured to prompt the user to adjust
the positions of the markers by moving a fixture worn
on the head of the user forward and backward by
making said stereoscopic 1mage generation block gen-
crate a parallax 1image of a three-dimensional object for
calibration so as to make the stereoscopically viewed
three-dimensional object for calibration be at a stand-
still even 11 the head 1s moved.

4. The image generation apparatus according to claim 1,
wherein the first marker, the second marker, and the third
marker are positioned on a headband worn on the head.

5. A calibration method comprising:

scanning a taken image of a plurality of markers of a
fixture worn on a head of a user so as to detect a
two-dimensional coordinate on the taken image of said
plurality of markers;

correcting a viewpoint position of the user without use of
a coordinate of a Z direction of the markers but by use
of said detected two-dimensional coordinate of said

plurality of markers;

generating a parallax 1mage obtained when a three-di-
mensional object for calibration 1s viewed from the
corrected viewpoint position; and

prompting the user to adjust the positions of the markers
by moving the fixture worn on the head of the user
forward and backward so as to make the stereoscopi-
cally viewed three-dimensional object for calibration
be at a standstill even 11 the head 1s moved.

6. An 1image generation method comprising;

scanning a taken image of a plurality of markers of a
fixture worn on a head of a user so as to detect a
two-dimensional coordinate on the taken image of said
plurality of markers;

correcting a viewpoint position of the user without use of

a coordinate of a Z direction of the markers but by use
of said detected two-dimensional coordinate of said

plurality of markers; and

generating a parallax 1mage obtained when a three-di-
mensional object 1s viewed from the corrected view-
point position,

wherein said plurality of markers include at least a marker
arranged at a top section of the head of the user and



US 10,362,297 B2
19

said correcting includes

obtaining a translation correction amount of a viewpoint
position on the basis of a two-dimensional coordinate
of the marker at the top section of the head, and

updating a viewpoint position by subtraction said trans- 3
lation correction amount from the viewpoint position.
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